Many gene variants are involved in the susceptibility to schizophrenia and some of them are expected to be associated with other human characters. Recently reported meta-analysis of genetic associations revealed nucleotide variants in synaptic vesicular transport/Golgi apparatus genes with schizophrenia. In this study, we selected the dymeclin gene (DYM) as a candidate gene for schizophrenia. The DYM gene encodes dymeclin that has been identified to be associated with the Golgi apparatus and with transitional vesicles of the reticulum-Golgi interface. A three-step case-control study of total of 2105 Japanese cases of schizophrenia and 2087 Japanese control subjects was carried out for tag single-nucleotide polymorphisms (SNPs) in the DYM gene and an association between an SNP, rs833497, and schizophrenia was identified (allelic P¼2Â10 À5 , in the total sample). DYM is the causal gene for Dyggve-Melchior-Clausen syndrome and this study shows the second neuropsychiatric disorder in which the DYM gene is involved. The present data support the involvement of Golgi function and vesicular transport in the presynapse in schizophrenia.
INTRODUCTION
Schizophrenia is a chronic, severe and disabling brain disorder that affects approximately 1% of the world's population. Family and twin studies indicate a strong genetic factor and recent genome-wide association studies provided molecular genetic evidence for a substantial polygenic component to the risk of schizophrenia involving many common alleles of very small effect. 1, 2 Some of the genetic factors influencing susceptibility to schizophrenia may also have roles in other phenotypes.
In a recent study, 3 in which mRNA abundance was determined by sequencing mRNA in postmortem cerebellum, gene ontology annotation of genes with significantly altered expression revealed overrepresentation of membrane-associated genes, genes involved in zinc binding or transport, regulation of transcription, Golgi apparatus and vesicle-mediated transport. The authors mentioned that most striking were 23 genes involved in presynaptic vesicular transport/ Golgi apparatus or postsynaptic neurotransmission. Meta-analysis of genetic associations revealed nucleotide variants in synaptic vesicular transport/Golgi apparatus genes with schizophrenia (DTNBP1, DISC1, DAOA, NRG1). 4 Reelin accumulated in the Golgi and endoplasmic reticulum in some cell bodies of GABAergic neurons in the cortex and hippocampus, 5 and genetic associations of the reelin gene polymorphism and schizophrenia were reported. 6, 7 Recently, dymeclin has been identified to be associated with the Golgi apparatus and with transitional vesicles of the reticulum-Golgi interface and it seems to be involved in cellular vesicle trafficking. 8, 9 The DYM gene, located in chromosome 18q21.1 and encoding dymeclin, is a causative gene for Dyggve-Melchior-Clausen syndrome, which shows dwarfism and mental retardation. Furthermore, previous studies have identified a putative gene locus for both schizophrenia and bipolar disorder in the 18q21 region. 10, 11 The aim of this study was to evaluate genetic associations of polymorphism(s) in the DYM gene with schizophrenia.
MATERIALS AND METHODS
All subjects were unrelated and of Japanese descent and were recruited from the main island of Japan. The first sample set was 576 patients with schizophrenia (mean age ± s.d., 51.6 ± 14.8 years; 322 men and 254 women) and 576 control subjects (mean age ± s.d., 46.8 ± 12.5 years; 268 men and 308 women). The second sample set was 1344 patients with schizophrenia (mean age±s.d., 46.7 ± 14.4 years; 733 men and 611 women) and 1344 control subjects (mean age±s.d., 47.8±13.8 years; 783 men and 561 women). The third sample set was 212 patients with schizophrenia (mean age±s.d., 37.3±11.4 years; 107 men and 105 women) and 189 control subjects (mean age ± s.d., 37.6 ± 11.5 years; 92 men and 97 women). Consensual diagnosis of schizophrenia was made according to the Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition (American Psychiatric Association, 1994). Control subjects had no history of mental illness and second-degree relatives were free of psychosis in a brief psychiatric interview. This study was approved by the ethics committees of the University of Tsukuba, Niigata University, Fujita Health University, Nagoya University, Okayama University and Seiwa Hospital; and all participants provided written informed consent.
DNA was extracted from blood samples. We genotyped a total of 14 singlenucleotide polymorphisms (SNPs), rs833523, rs357894, rs2044550, rs833497, rs8089472, rs12606288, rs1297381, rs1943000, rs4630621, rs4491603, rs16950465, rs11082743, rs3809924 and rs12606865. The tag SNPs in the gene were selected using the Haploview program (http://www.broad.mit.edu/mpg/ haploview/) with the condition of an r 2 threshold of 0.8 and a minor allele frequency of 0.1. SNPs were genotyped by TaqMan genotyping (Applied Biosystems, Foster City, CA, USA). Although the DYM gene spans 417 kb, the gene coverage was reached with these 14 SNPs because the gene resided in a large linkage disequilibrium block. Predesigned TaqMan SNP genotyping assays were selected from the Applied Biosystems database (http://www.appliedbio systems.com). The TaqMan reaction was performed in a final volume of 3 ml consisting of 2.5 ng genomic DNA and Universal Master Mix (Eurogentec, Seraing, Belgium), and genotying was performed with an ABI PRISM 7900HT Sequence Detection System (Applied Biosystems).
In this study, we carried out a three-step case-control association procedure; that is, screening and two independent confirmation studies. SNPs with allelic P-values for associations of o0.05 were examined in the second case-control sets, and SNPs with allelic P-values o0.05 in the second set were examined in the third case-control sets. Significant association was defined when SNPs survived these three-step procedures.
The Hardy-Weinberg equilibrium and an association between SNP and schizophrenia were determined with the Haploview software program (http:// www.broad.mit.edu/mpg/haploview/). Genotype-based association was tested with the Cochran-Armitage test for trend.
RESULTS
In the first screening, we genotyped 14 tag SNPs in 1152 individuals ( Figure 1 ). Genotypic distributions of these SNPs are shown in Table 1 . Distributions of all SNPs did not differ significantly from the Hardy-Weinberg equilibrium. Nominally significant association was observed in 4 out of 14 SNPs; rs833523 (P¼0.005), rs357894 (P¼0.004), rs833497 (P¼0.007) and rs3809924 (P¼0.005).
In the second sample set, these 4 SNPs were genotyped in 2688 individuals. One SNP (rs833497) was significantly associated with schizophrenia (P¼0.006, one sided, Table 2 ). In the third sample set, rs833497 was again genotyped in 404 individuals and the association was confirmed (P¼0.006, one-sided, Table 3 ). In the combined total samples, the allelic P-value for association with schizophrenia was 2Â10 À5 (Table 3 ). The association was observed in both male and female subjects (data not shown).
DISCUSSION
To our knowledge, this is the first report on the association between DYM gene variants and schizophrenia. Four SNPs among 14 tag SNPs we examined showed a trend for association in the screening samples (permutation allelic P-values from 0.05 to 0.06). Among the four SNPs, an association of SNP 4 (rs833894) with schizophrenia was confirmed in the second and third case-control samples. Thus, the SNP rs833497 was found to be associated with schizophrenia in this study.
The SNP is not likely to exert an important effect on dymeclin function, because rs833497 is located in the last intron of the DYM gene, and therefore, it is assumed that the SNP is in linkage disequilibrium with causal SNP(s) for the association. However, rs833497 was in no complete linkage disequilibrium with other SNPs in this study and in the International HapMap database (http://hapmap.ncbi.nlm.nih.gov/). Therefore, we could not predict where the supposed causal variation(s) is. In addition, because no variant in the exons has been identified by the JSNP project (http:// snp.ims.u-tokyo.ac.jp/search_Gene.html), we did not perform resequencing of the DNA of our subjects.
The DYM gene is located at chromosome 18q21. Previous linkage and cytogenetic studies reported the 18q21 region for both schizophrenia and bipolar disorders. 10, 11 However, genome-wide association studies in other populations have not reported a significant association between variants in the DYM gene and schizophrenia or bipolar disorders. In the Wellcome Trust Case Control Consortium genome-wide association studies data, 12 the T allele of rs357897 located near rs833497 was more frequent in 2000 bipolar cases than in 3000 controls from the United Kingdom (P¼0.009). The HapMap data of the Japanese population shows a moderate linkage disequilibrium between the T allele of rs357897 and the risk C allele of rs833497 in this study (r 2 ¼0.25, D¢¼1). A significant different expression profile of the DYM gene has not been found in the postmortem brain samples between patients with schizophrenia and controls in the Stanley Medical Research Institute Online Genomics Database (https://www.stanleygenomics.org/). Thus, no evidence supporting involvement of the DYM gene in schizophrenia has been found in other populations. The DYM gene encodes a protein, dymeclin, which is necessary for normal skeletal development and brain function. Defects in DYM gene are the cause of Dyggve-Melchior-Clausen (DMC) syndrome (MIM 223800), a rare autosomal recessive disorder characterized by short limbs, a short trunk, dwarfism, microcephaly and psychomotor retardation. [13] [14] [15] DMC syndrome is progressive. Smith-McCort dysplasia (MIM 607326), a rare autosomal recessive osteochondrodysplasia characterized by short limbs and a short trunk with a barrel-shaped chest but without mental retardation, is hypothesized to be allelic with DMC syndrome. 14, 16 Most 3 mutations identified in DMC syndrome predict a loss of function, whereas those identified in Smith-McCort dysplasia are mainly missense mutations. [13] [14] [15] 17 The missense mutation (N469Y) causing DMC syndrome resulted in a mislocation and subsequent protein degradation, whereas the E87K Smith-McCort mutation does not affect the stability and the location of the protein. 8 Dymeclin could not be ascribed to any family of proteins. DYM is widely expressed in human embryos, especially in the cortex, the hippocampus and the cerebellum. Because dymeclin associates with the Golgi apparatus and with transitional vesicles of the reticulumGolgi interface, it seems to be involved in cellular vesicle trafficking. 8, 9 Differences in the expression of genes involved in Golgi function and vesicular transport in the presynapse have been reported in the postmortem cerebellar cortex of schizophrenia patients. 3 In conclusion, this case-control study suggests involvement of dymeclin in the susceptibility to schizophrenia. 
